_,. ET against Hamamatsu:
- 1° hemlspherlcal PMT selection




PMTs we have tested

. DW Type (x 2): DW 142, DW139
etectron fubes 9116WA-10001, 9136-WA-10005
9116WA-117, 118, 140, 141,

10005, 10006, 10008, 10015, 10014

xc3350, xc3344, xc3348, xc3352
xc3354, xc3353, xc5551, zI7016,
zl7018

10 stage: zI5043

DHOTONIS xp040, xp028




The beginning: QE of 3 PMTs (2
Hamamatsu + 1 ET) before and after
coating with milky layer
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High QE progress of ET

No coating | —=— 9116a-1930 e Tubes/batches show

—— 9116wa-10005

#—8130w= 10005 different behaviour
LiGEawa-139 » With increasing peak QE
sectron #} the curves move to the
“left” and show lower QE
at higher A.

e => the photo cathode
thickness is reduced.

e => Higher interference
efficiency (QE) at shorter A.
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QE of recent Hamamatsu PMTs
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QE of ET, Hamamatsu and
Photonis PMTs
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Average representative PMT

 We tested a relatively high representative number of
PMTs from both ET and Hamamatsu.

 Beacuse of varying experimental production character
many single PMTs show QE curves that largely differ in
spectral behavior, so it iIs not conclusive.

* In the following we present the average character of
PMTs. Averaging is done by calculating the arithmetical
mean in small spectral bins of 10-20 nm.



Averaged representative curves of
tested PMTs from ET & Hamamatsu

ET-Hamamatsu 1" PMT comparison H - stands for
Hamamatsu
ET - for Electron
Tubes

bc - before coating
ac - after coating
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LONS & Cherenkov photons
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photons from 50 GeV gammas @ 30° & LONS
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Pratik provided
simulations of
Cherenkov
photons from air
Showers of 50 GeV
from zenith angles
10°, 20°, 30° & 40°.
We agreed to chose
30° as a
representative

for calculations.

LONS curve | have
calculated from the
LONS measurement:
made at La Palmab
the ING group
(Chris Ben, et. al.,)




Average QE folded with Cherenkov

spectrum and with LONS

=\AFLe=N Before coating, | After coating, Ralsi{e](=Reler:1i{aloRMANi(=I@eleL=1i[glo

& fold with fold with fold with fold with
—e)= . | Cherenkov Cherenkov LONS LONS
Electron 14.8 17.2 11.3 14.3
Tubes (+ 16 %) (+ 26.5 %)

17.3 19 14.9 18.4
(+ 10 %) (+ 23.5 %)




Single ph.e. Spectra: ET
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Single ph.e. Spectra: Hamamatsu

Pulsa Araa Civirbetizn

5 f e AT |

Pz |
gawrid il A s 10
o podl B0 + 0B
nigma i B - B
coev Iphe el ad
reann 1pte §aa - 1o
nkgra tph LA C 1A

XCc-3353

f
w [
o |
I
12 |
L1
e i
M | RN A e ree reern [
-1as -5 a 50 10 i3 3

Pulse Aran Dinirizardcn
wi |
L[ |

o

p/v=2.8

Fulse Iutugral (miv" sl

1 paf LTE 4 |
Fral [
waral jul 1.5 Sl o 57
e pad ERLEY FL]
wigrea ped :mr--unl
cerai 1pha B can
LR - NE |
Eiprea 1 pre: (- By B I

XCc-3354

=2

A0 @

M 230 MM &80 Y W0 TN

A0
1uksen irlmgral | )

Puiss Sraa Cinirbaticn

f

w
I

1w |

L

-8 8 0

Pulss Aran Dinirizuscn

iy

it

p/v=3

|
T 00 B0 3 280 300 380 400

i

00 M0 W 80 9 W0 T

BRI RN |

B
gaweid i A Sl 104
rangn peet - i+ i
nigma i 1LTEE  Bdjd
crar | pha =18 |
reann 1phe TECERY .1
akgra iphe LB = AR |

zI-7016

Fuilse Intsgral (mii" s

o LLEN
Frob [}
waenl puil AT o 3T |
L] BFR s BT
wigrea ped 3.1+ b
czrai 1pha R - il’i
i TEEE F1EEE R
sipra 1 ple TH-1I2 |

zI-7018

A0
1 ulsen g ral | '™ |

Puiss Aran Diniriziscn

1" r
o |
1
1
e

0

1

20 -0 8

Puiss Aran Diniriziscn

1o
we
10

1o’

p/v=6

00 M0 W) 80 BN W0 T

p/v=3

00 20 W) 80 N W0 T

1§ pLIET
Frab [
waeal ol D 304asld o A
e pad =il B < B
wipra pad . TR 1 ]
carai 1pha LR R L
e TEEE 1134138
sigraa 1 phee BEI4 200

XCc-3351

AN
1wk kg ral | |

1§ L
Frab [
wuea] ol 0TSl 3 EE
e pad 6rid Bl
wigrea ped ARFF - pumf
carai 1pha L RLE L]
Frkdin TEE 128 - 3.3 |
sigraa 1 phee HEAT « 24 |

XC-3352

AN
1wk kg ral | |



Afterpulsing setup

Use pulse-generator to drive Laser. (10KHz)
Use ET base.

Time window for expected event : 5 ps.
Measured by 2 GSample/s FADC.
llluminate with high/low light intensity.



Software Algorithm

Find main pulses using the fixed time window method.

Exclude main pulses, then calculate the pedestal and the
pedestal RMS. Reject ADC counts larger than 3 sigma of
pedestal RMS. Do one more iteration of calculation.

Set small threshold on pulse height. Take data which are
larger than (pedestal + threshold) as afterpulses. Find
pulse maximum within 3 ns. Once find the maximum
point, calculate the pulse area within +-1.5 ns (length of
pulse ~ 3 ns).

Apply cut on the pulse area.



Time Spectrum of Afterpulses

| Pulse time | hist1

g 2 bn.e. Entries 641

Mean 75.68

RMS  289.8

t~--(miqg)
R P gt L o o g
B O A (S

M 4.12)

‘ e+

O+

-'ilﬂﬂﬂ' 0 1000 2000 3000 4000 5000

() (T (2)(2-8)14) :

The time between the
main pulse and the
afterpulse is ~ to the
transit time of the ion
from the 1st dynode to
the cathode.

Assume the electric field
between cathode and 1s
dynode is E

S = 0.5%a*t?; t2 = 2*S/a
t=v 2*S*m/(q*E)



Afterpulse rate = N /[ {N XM _ph.e./pulse}

—afterpulse —mMmain-pulses
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Afterpulsing

AfterPulse rate % AfterPulse rate %

Low light
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Afterpulsing
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Ageing, pulse shape and timing

1 | *The PMTs were run for a tota

u.gs,!:-. | of 10150 minutes (7 days),

ugl M. 'x.-r' H-xc-3348 under the constant llluminatior

085~ i that induced an initial anode
\

08" current of 150 pA.
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'l». ch 3344
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"N eneET2825 a monitoring PIN diode.
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Transit time spread (TTS)

An ultra-fast oscillograph (1.5 GHz bandwidth), followed by a 2 GHz
bandwidth amplifier (gain x 100) is used in pulse persistence mode; many
pulses are overlayed on top of each other. The ,thickness* of the rising
edge is for both types of PMTs.
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